We consider an interaction of a spin-3/2 field with the electromagnetic field in the framework of the hard-wall model of AdS/QCD. We write Lagrangian for this interaction including all kinds interaction terms in the bulk of AdS 5 space and present the scattering matrix element in integrals over the fifth coordinate. Comparing the current matrix element obtained in the boundary of this space with the one known from field theory, we find the vertex function coefficients for the γ * ∆∆ interaction vertex. As an example, we apply the obtained coefficients to the computation of the charge form factor G E0 for the ∆ + baryon and compare the result with the one obtained in the field theory.
I. INTRODUCTION
The idea of the AdS/CFT (Anti de-Sitter/Conformal Field Theory) correspondence [1] (or gravity-gauge duality) is successfully used for solving problems in different areas of theoretical physics. Originally formulated for a super Yang-Mills theory this duality connects fields in the bulk of the AdS space with current correlators on the boundary of this space which then are corresponded to the ones in the field theory in flat space-time with less dimension [2] . In application to QCD the duality idea is valuable for solving low-energy problems, when usual perturbation theory does not work. Though QCD is not conformal theory, there are some QCD models based on this duality, such as holographic QCD and AdS/QCD models. In order to build a model of AdS/QCD one should break the conformal symmetry. This can be done either by imposing boundary condition on a solution to equation of motion over extra dimension or by warping the metric of the AdS space. In the first case, the boundary condition cuts a slice of the AdS space and gives mass spectrum, which then is corresponded to the mass spectrum of observed particles. Such a model is called a hardwall model [3] [4] [5] and is successfully applied to calculation of physical quantities of mesons and baryons [6] [7] [8] [9] [10] [11] [12] [18] [19] [20] [21] . In the second case, which is called a soft-wall model, there are no sharp boundaries and propagation of a particle at long distances of extra dimension is suppressed by introduction of a dilaton field [22] [23] [24] [25] [26] .
The hard-wall model was extended in [11] by inclusion of spin-3/2 fields and the model was applied to calculations of the meson-baryon transition couplings and transition form factors for interactions of ∆ baryons with nucleons, π and ρ mesons. Here we include interactions of spin-3/2 fields with a photon field into the hard-wall model and consider γ * ∆∆ interaction vertex within this model. In Section II we briefly describe the hard-wall model with the spin-3/2 field introduced in [11] . In Section III, we present some relevant formulas of the isotopic structure for ∆ baryons and expressions of multipole form factors of these particles.
We construct in the bulk of the AdS 5 space an interaction Lagrangian for the spin-3/2 field with a gauge field, which includes all possible interactions of the gauge field with the spin-3/2 field and produces on the boundary the matrix element of the electromagnetic current of the spin-3/2 field. This matrix element has the same tensorial structure as the one for the ∆-baryon's electromagnetic current obtained in [15] within the QCD framework. From the matching of tensorial structures in matrix element expressions obtained here and in [15] we obtain the vertex function coefficients in integrals over the additional dimension. These coefficients allow us to study electromagnetic form factors of ∆ baryons in the framework of the hard-wall model that we perform in Section IV.
II. HARD-WALL MODEL FOR SPIN-3/2 FIELD
Let us express the main features of the hard-wall model of the AdS/QCD described in [11] . Gravity theory in this model is given by a 5-dimensional (5D) anti de-Sitter space (AdS 5 ) and with the metric chosen in Poincare coordinates as
Here, z is the fifth coordinate and it extends from 0 to ∞, which are called, correspondingly, the ultraviolet (UV) and the infrared (IR) boundaries of the AdS space. η µν is the metric of A. Bulk-to-boundary propagator for gauge field
The action for the bulk gauge field is written in the following form [12] :
where
, G is the determinant of the metric tensor and g 5 = 2π. In the axial-like gauge the fifth component of V M is gauged away, V z = 0 . In the momentum space, the z-dependence of V µ (x, z) is separated by the anzats:
3)
The equation of motion over z leads to the next equation for V (q, z),
and solution to this equation is expressed via Bessel functions J m and Y m [10, 12] :
Remark, the bulk to boundary propagator obtained here is the propagator for the free gauge field. In the hard-wall model a gauge field interacts with the spin 3/2 field and this should lead to changes in the equation of motion of gauge field. Here we shall neglect this backreaction of spin 3/2 field and use this bulk to boundary propagator in our calculations.
B. Rarita-Schwinger field in the bulk
As is known from the AdS/CFT correspondence of spin-3/2 fields [11, 13] that in order to obtain one spin-3/2 field with left-and right-handed components in the boundary theory one needs to introduce two Rarita-Schwinger (R-S) fields Ψ The action for the Rarita-Schwinger field Ψ A in AdS 5 is the extension of the 4D-action into 5D and is given as 
derivative D B is defined by the following shift:
where 
where m ± = m 1 ±m 2 are masses of spinor harmonics or the R-S field on S 5 of AdS 5 ×S 5 [14] .
For Γ matrices it is convenient to use chirality basis [11] ,
In the four-dimensional theory, the R-S field ψ µ is a 4D vector -spinor and contains extra components, which correspond to the states of spin 1/2 particle. These extra components are projected out by application of the additional Lorentz-covariant constraint
In a five-dimensional theory, it is necessary to impose similar condition in order to project spinor states in the boundary theory into which the Ψ z could be mapped. In ref. [11] , the condition Ψ z = 0 was chosen in order to eliminate this extra spin-1/2 degree of freedom and we shall follow it. Taking into account these conditions in Rarita-Schwinger equation (2.7) gives the next set of Dirac equations for the remaining components
It is useful to make further calculations in left and right components of vector-spinor which
Fourier transformation for these bulk vector-spinors is written as following
and the 4D vector-spinor ψ µ (p) obeys 4D Dirac equation
Here, |p| = p 2 for a time-like four-momentum p. Then the 5D Dirac equation (2.11) will lead to equations for F L,R over the fifth coordinate z:
The normalizable solution to this equation for non-zero modes (|p| = 0) is expressed in terms of Bessel functions of first kind
where C L,R are normalization constants. Value of m − can be found from the relation |m − | = ∆ 3/2 −2, which is given by the AdS/CFT correspondence of the R-S field. Scaling dimension ∆ 3/2 for the spin-3/2 composite operator is ∆ 3/2 = 9/2 [13] and |m − | = 5/2. For the left and the right R-S fields the mass |m − | has values m − = ±5/2 , correspondingly.
In order to get only left-handed component of the R-S field on the boundary of the AdS space, we should impose a boundary condition on Ψ M at z = z m , which eliminates the right-handed component of this vector-spinor on that boundary:
This condition gives a mass spectrum m n for the boundary spin-3/2 field, which is expressed in terms of zeros of the Bessel function
(|p| z). Then boundary condition (2.15) will lead to
and the spectrum of excited states will be
Here α 
and this gives the same spectrum of excited states for the left-handed components of the field Ψ M as for the right-handed components. The normalization constants C L,R were found in [8] and are equal to
.
III. ELECTROMAGNETIC CURRENT MATRIX ELEMENT FOR ∆ BARYONS A. ∆ baryons and electromagnetic form factors
The model which was described above is applicable to any spin-3/2 fields that differ from one another by some other quantum number. The simplest known realistic model for spin-3/2 particles is the model gased on the gauge group SU(2) and the flavor group SU(2) L × SU(2) R . These are states of the spin-3/2 field with isospin-3/2, i.e., the multiplet of ∆ baryons. There are four kinds of ∆ baryons ( ∆ ++ , ∆ + , ∆ 0 , ∆ − ) which differ from each other by the isospin projection. In order to get a difference in the current matrix element for different kinds of those baryons, we should take into account the known isotopic structure of the electromagnetic current of ∆ baryons. To this end we can utilize formulas for the isospin operator and wave functions for ∆ baryons used in [16, 17] . The electromagnetic current of ∆ baryons can be divided into isoscalar and isovector parts
Here, I is the four dimensional unit matrix and
is the isospin operator. The T (3) and other basic matrices T (1), (2) can transit to Pauli matrices by means of spin-3/2 to 1/2 transition matrices, explicit form of which can be found in [17] . In this representation, which is called isoquartet representation, the isotopic part ζ (i) of the wave function of ∆ baryons are eigenvectors of T (3) operator:
Eigenvalues of corresponding eigenstates are T 
respectively. Magnetic moments of these baryons also have isoscalar and isovector parts:
There are two following relations between µ (i) :
In the field theory framework the electromagnetic form factors of spin-3/2 particles had been studied in [15] . The general structure of the matrix element of the electromagnetic current of these particles was found to be of the following form:
where p′, p, s′, s are momenta and spin states of a final and an initial baryon, u α is a vectorspinor describing it. The Lorentz-covariant tensor O αµβ has explicit form:
where P = p′ + p and q = p′ − p. Coefficients a i and c i are independent covariant vertex function coefficients. Multipole form-factors of the ∆ baryons were expressed by means of these coefficients in the following way:
N are isoscalar and isovector parts of the vector field. In the simplest case (for the photon) these parts are equal V 
In this representation the field strength tensor F M N becomes the one for abelian field F M N = ∂ M V N − ∂ N V M and has the same isotopic structure as V N :
Note that the isotopic part of the bulk Rarita-Schwinger field is defined in the same representation as in the wave function of ∆ baryons, i.e., we define this part in the isoquartet representation:
It is obvious that in any terms of interaction including these fields, like
and so on, the value of charge Q i will be factored out:
Interaction Lagrangian in the bulk is constructed by composing hermitian Lorentz scalars using the 5D R-S fields Ψ M 1,2 , Ψ M 1,2 , the gauge field V N , the field stress tensor F M N and its dual tensor it on the boundary a matrix element, which has tensorial structure coinciding with one of structures in (3.7). Let us collect all possible Lorentz scalars, which obey this requirement.
It will consist of the following terms of interaction of the vector-spinor with the gauge field: a) terms describing simple interaction vertices
b) terms describing an interaction with magnetic dipole moment
Coefficients η (s) and η (v) introduced here take into account difference in contributions of isoscalar and isovector parts of the magnetic moment of the ∆ baryon [9] .
Other Lorentz invariants are constructed by means of fields and derivatives, which produce one (or more) of required tensorial structures on the boundary. We classify them as following:
20)
23)
27) 
. The interaction vertex of another multiplet of spin-3/2 fields with the photon also can be described by these Lagrangian terms after changes of the isotopic symmetry group. Some terms of chiral symmetry breaking, like following one (see [11] )
are possible as well. We did not include here those terms into Lagrangian, since their contributions to the current matrix element are too small in comparison with other terms due to the X 3 factor. Thus, the total interaction Lagrangian of the R-S field with the bulk gauge field will consist of the sum of all Lagrangian terms L 0 -L 18 :
S-matrix element S f i of this interaction, in the first approximation, is obtained from this
Lagrangian by performing the 5D integration:
Integration of each Lagrangian term L s over x and using the equation of motion (2.12) and the constraint (2.9) leads to momentum integrals of the product of vector-spinors u α (p′), u β (p) of final and initial states with a tensorÕ αµβ s . So, S f i in momentum space is reduced to the following form: 
Here we have considered initial and final R-S fields on mass shell ( |p| = m = |p ′ | ), since ∆ baryons with which we want to match R-S fields are on the mass shell as well. In calculations of some terms we used the formulas (4a) and (4b) from [15] .
As was noted above, in our case of the AdS/CFT correspondence, the bulk field V M corresponds to the boundary current j µ of the spin-3/2 field. In the field theory the Smatrix element in momentum space is written in the form
In our case, an expression corresponding to the current j µ can be extracted from (3.36):
Now we identify the boundary R-S field with the ∆ baryons. Then matrix element (3.36)
will describe γ * ∆∆ interaction vertex and the matrix element (3.38) will be identified with the matrix element for ∆ baryon current (3.6 and its derivative equals to the following expression:
As an example of application of (3.39) -(3.42) let us consider the charge form factor G E0 Main difficulty for numerical estimations is the absence of values of coefficients k i . We choose all these constants equal to 0,00000001. The dependence of G E0 on Q 2 is drown in Fig. 1 . This dependence is widely studied in the lattice model for QCD in [16, 17, [27] [28] [29] 
